N-Acetylglucosamine (GlcNAc) is the major immunoepitope of group A streptococcal cell wall carbohydrates. Antistreptococcal antibodies cross-reactive with anti-GlcNAc and laminin are present in sera of patients with rheumatic fever. The cross-reactivity of these antibodies with human heart valvular endothelium and the underlying basement membrane has been suggested to be a possible cause of immune-mediated valve lesion. Mannose-binding lectin (MBL) encoded by the MBL2 gene, a soluble pathogen recognition receptor, has high affinity for GlcNAc. We postulated that mutations in exon 1 of the MBL2 gene associated with a deficient serum level of MBL may contribute to chronic severe aortic regurgitation (AR) of rheumatic etiology. We studied 90 patients with severe chronic AR of rheumatic etiology and 281 healthy controls (HC) for the variants of the MBL2 gene at codons 52, 54, and 57 by using a PCR-restriction fragment length polymorphism-based method. We observed a significant difference in the prevalence of defective MBL2 alleles between patients with chronic severe AR and HC. Sixteen percent of patients with chronic severe AR were homozygotes or compound heterozygotes for defective MBL alleles in contrast to 5% for HC (P ‫؍‬ 0.0022; odds ratio, 3.5 [95% confidence interval, 1.6 to 7.7]). No association was detected with the variant of the MASP2 gene. Our study suggests that MBL deficiency may contribute to the development of chronic severe AR of rheumatic etiology.
Rheumatic fever (RF), which results from a nonsuppurative sequela of pharyngitis caused by group A streptococcus (GAS) in untreated genetically susceptible hosts, displays a wide spectrum of clinical manifestations including carditis, arthritis, chorea, subcutaneous nodules, and erythema marginatum (3) . Arthritis occurs in 60 to 65% of patients while carditis, the most serious manifestation and one which often leads to valvular scarring, is observed in 30 to 45% of patients with RF.
The presence of antibodies and complement elements in heart and valvular tissue of patients with RF (22, 23, 25) as well as the presence of antiheart antibodies and antimyosin antibodies in the sera of patients with RF (5, 39) led to the suggestion that rheumatic carditis could be immune mediated. It has also been shown that cross-reactive human and murine monoclonal antibodies recognized N-acetylglucosamine (GlcNAc) of GAS (30, 31) . GlcNac is the immunodominant cell wall antigen of GAS and has been demonstrated to share crossreactive epitopes with valvular tissue proteins (17) such as myosin, tropomyosin, keratin, vimentin, and laminin (1, 6, 7, 11, 24) . Furthermore, an anti-GlcNAc/antimyosin monoclonal antibody from a rheumatic carditis patient was shown to be cytotoxic for human endothelial cell lines and also reacted with human valvular endothelium and the underlying basement membrane (14) . These data suggested that valvular damage in patients with RF may be initially antibody mediated and may subsequently facilitate T-cell infiltration into the valves (14, 19) .
Recently, it has been shown that GAS displayed strong binding to mannose-binding lectin (MBL) (27) encoded by the MBL2 gene in the chromosome region 10q11.1-q21. Circulating MBL, a C-type lectin and a member of the collectin family, is a soluble pattern recognition receptor and recognizes sugars present on the surface of a variety of pathogens. MBL plays a major role in innate immunity due to its ability to opsonize pathogens, to enhance their phagocytosis, and to activate the complement cascade via the lectin pathway (21) . Activation of the complement cascade results from the association of the MBL with MBL-associated serine protease 2 (MASP2). This complex then cleaves the complement proteins C4 and C2, generating the C3 convertase C4bC2b (40) which activates C3 for the initiation of the alternative pathway and the formation of the membrane attack complex. MBL in serum is composed of four to six subunits of homotrimers of the MBL polypeptide. The complete structure of the human circulating MBL has been detailed previously (15) . Inherited insufficiency of MBL that impairs the innate immune function and enhances susceptibility to infection (9) has been shown to be essentially due to three structural variants in exon 1 of the MBL2 gene at codons 52 (C to T), 54 (G to A), and 57 (G to A), corresponding, respectively, to changes of arginine to cysteine (Arg52Cys), glycine to aspartic acid (Gly54Asp), and glycine to glutamic acid (Gly57Glu) in the protein (34); these alleles have been designated, respectively, the D, B, and C alleles. These defective MBL2 mutant alleles are collectively termed the O allele, and the wild type is designated the A allele. Any of the three amino acid changes disrupts the collagen helix of the MBL molecule, and homozygosity or compound heterozygosity for any of the three alleles results in MBL deficiency. Similarly, it was reported recently that individuals harboring a mutation in the MASP2 gene which leads to an exchange of aspartic acid (GGC) for glycine (GAC) at residue 120 (Asp120Gly) have low levels of plasma MASP2, and the mutant MASP2 cannot associate with MBL to form the active MBL-MASP complex (33) .
Given the key role played by MBL in innate immunity, we investigated whether the presence of MBL2 and MASP2 mutant alleles is associated with chronic severe aortic regurgitation (AR) of RF etiology. To this end we carried out a crosssectional study including 90 patients with chronic severe AR of rheumatic etiology and 281 healthy controls (HC).
MATERIALS AND METHODS

Patients and controls.
Ninety patients with chronic severe AR of rheumatic etiology fitting the modified criteria of Spagnuolo et al. (32) were recruited at the Heart Institute (InCor), Clinical Hospital of the University of São Paulo School of Medicine. Briefly, patients had a cardiothoracic index of Ͼ0.50 in chest roentgenogram, electrocardiographic evidence of left ventricular (LV) hypertrophy with a pulse pressure of Ն80 mm Hg, and diastolic arterial pressure of Յ60 mm Hg. Doppler echocardiography was performed to define the degree of AR. LV end-diastolic and LV end-systolic diameters and ejection fractions were measured by the Teichholz method. Patients with aortic stenosis or with any valvular heart disease other than AR of RF etiology and with atrial fibrillation were excluded. All AR patients had a history of rheumatic fever. The mean age of the patients was 33.6 Ϯ 11.5 years, and 85% were male. A total of 281 consecutive, unrelated men and women admitted as the HC group were unrelated bone marrow donors excluded due to histoincompatibility.
MBL and MASP2 genotyping. Blood samples were drawn from the patients with chronic severe AR of rheumatic etiology after they had given written informed consent, according to the Clinical Hospital Ethics Committee regulations. Genomic DNA was extracted by the DTAB/CTAB (dodecyltrimethylammonium bromide/cetyltrimethylammonium bromide) method. Polymorphisms at codons 52, 54, and 57 in exon 1 of the MBL2 gene were typed by PCR-restriction fragment length polymorphism using, respectively, the restriction enzymes HhaI, BanI, and MboII. The following pair of primers flanking the three polymorphisms was used: MBLex1F, 5Ј-CAT CAA CGG CTT CCC AGG CAA AGA TGC G-3Ј; and MBLex1R, 5Ј-CAG GCA GTT TCC TCT GGA AGG TAA AG-3Ј. Primer MBLex1R was specifically designed with a G 3 C change (underlined) to create an HhaI restriction site to discriminate the codon 52 sequence variation. PCR was performed in a final volume of 25 l containing 1 l of genomic DNA (50 ng), 1.5 mM MgCl 2 , a 0.25 pM concentration of forward and reverse primers (each), a 40 M concentration of the deoxynucleoside triphosphates, and 2 U of Taq polymerase in buffer containing 100 mM Tris-HCl (pH 8.3) and 500 mM KCl. The PCR conditions consisted of an initial denaturation step of 95°C for 5 min followed by 35 cycles of 95°C for 20 s, 62°C for 20 s, and 72°C for 30 s. The PCR was followed by a final step at 72°C for 7 min. The PCR product is 119 bp. The PCR product is cleaved into 28 and 91 bp by HhaI for the A allele and is uncleaved when the D variant is present due to the replacement of cytosine with thymine. For codon 54, the B variant is not digested by BanI while the A allele gives fragments of 35 and 84 bp. For codon 57, the C variant yields two fragments of 56 and 63 bp with MboII while the A allele remains uncut. PCR restriction fragments were size separated by electrophoresis on 12% polyacrylamide gels.
For the MASP2 polymorphism, the following pair of primers flanking the polymorphism was used to generate a PCR product of 197 bp: MASP2F, 5Ј-GCG AGT ACG ACT TCG TCA AGG-3Ј; and MASP2R, 5Ј-CTC GGC TGC ATA GAA GGC-3Ј. In the presence of guanine (codon GGC for Asp), two fragments of 142 bp and 55 bp were obtained by the restriction endonuclease MspI. The PCR product remained uncleaved in the presence of adenine (codon GAC for Gly). PCR restriction fragments were size separated on a 3% agarose gel.
Serum cytokine and MBL measurements. Blood was collected in EDTA tubes and kept on ice immediately. Within 15 min, samples were centrifuged at 1,500 rpm at 4°C for 15 min, and plasma was collected and kept at Ϫ80°C until analysis. Cytokines were measured by using commercially available kits (Immulite, Diagnostic Products Corp.) for tumor necrosis factor alpha (TNF-␣) and interleukin 6 (IL-6) and by enzyme-linked immunosorbent assay kits (Quantikine; R&D Systems,) for soluble TNF-␣ receptors type 1 and 2 (sTNFRI and sTNFRII), IL-6 soluble receptor, and IL-1 receptor antagonist. The concentration of MBL in plasma was determined by a sandwich enzyme immunoassay using another kit (Antibody Shop, Copenhagen, Denmark).
Statistical analysis. Statistical analysis was performed using GraphPad Prism, version 4.0, software. Genotype and allele frequencies were calculated by gene counting. Comparison of allele and genotype frequency between groups was done by Fisher's exact two-tailed analysis. Genotype distribution was analyzed by comparing the observed number of a given genotype with the number expected under Hardy-Weinberg equilibrium. The serum concentration of cytokines and MBL concentration are expressed as means Ϯ standard deviations; the differences in mean values of cytokines and MBL according to the MBL2 genotypes were analyzed by analysis of variance, and the Kruskal-Wallis test was applied with multiple comparisons with the Dunn's test.
RESULTS
Allele and genotype distributions for both MASP2 and MBL2 were in Hardy-Weinberg equilibrium in both patients and HC. The distributions of genotype and allele frequencies for the three structural variants in exon 1 of the MBL2 gene are shown in Table 1 . The frequency of the D allele was higher among patients with chronic severe AR of rheumatic etiology than in the HC (11% versus 4%) and was statistically significant (P ϭ 0.0025; odds ratio [OR], 2.8 [range, 1.5 to 5.2]). The frequencies of B and C alleles were similar in both groups. The frequencies of the O/O homozygotes were significantly different between patients and controls (16% versus 5%; P ϭ 0.0022; OR, 3.5 [1.6 to 7.7]), whereas the frequencies of the A/O heterozygotes were similar in both groups.
To determine whether the defective MBL2 alleles have any influence on the severity of disease, we stratified the patients with chronic severe AR of rheumatic etiology according to the New York Heart Association (NYHA) functional class. Fiftyfour patients with AR were classified as NYHA functional class I/II, and 36 were NYHA class III/IV. As shown in Table  2 , there was no statistical difference between the two groups despite a higher frequency of carriers of a variant MBL allele among patients with AR in the NYHA class I/II group (57% versus 36%). Borderline significance was reached at allele comparison.
We analyzed the relationship between MBL2 genotypes and plasma levels of MBL in 83 patients as shown in Fig. 1 . Subjects homozygous for the A allele had a higher level of MBL (mean, 2,985 Ϯ 1,545 ng/ml; median, 3,290 ng/ml) than heterozygous subjects (mean, 655 Ϯ 581 ng/ml; median, 648.5 ng/ml; P Ͻ 0.001 by Dunn's multiple comparison test) and than subjects homozygous for the mutant MBL O allele (mean, 183 Ϯ 482 ng/ml; median, 0 ng/ml; P Ͻ 0.001). Comparison by a Kruskal-Wallis test also showed the distribution to be highly significant (P ϭ 0.0001).
Regarding MASP2 polymorphism, as shown in Table 1 , we observed no difference between the patients with AR and the HC. There were only 3 and 12 individuals heterozygous for the mutation among the patients with chronic severe AR of rheumatic etiology and the HC, respectively, indicating an allele frequency of 2% in both groups. Only two and six individuals VOL. 15, 2008 MBL AND CHRONIC SEVERE AR OF RHEUMATIC ETIOLOGY 933
on August 27, 2017 by guest http://cvi.asm.org/ were also heterozygous for the defective MBL2 alleles among the patients with chronic severe AR of rheumatic etiology and HC, respectively. We evaluated whether the presence of defective MBL2 alleles would be associated with differences in disease progression as shown in Table 3 . Disease-related phenotypes did not reveal any significant association according to MBL genotype except for the aortic root diameter. Individuals with the AA genotype tended to have higher aortic diameters than individuals with the O allele.
In addition, we studied the cytokine profile of AR patients according to MBL2 genotype (Table 4 ) and found no association between any of the assayed cytokines and the MBL2 genotype.
DISCUSSION
Our data provide evidence for the first time that a homozygote or compound heterozygote for the defective MBL2 alleles in exon 1 of the gene is associated with chronic severe AR of rheumatic etiology. MBL, an important component of the complement system, plays a key role in innate immunity. As the main role of innate immunity is to restrict the multiplication of infectious agents, deficiency in one of the genes involved in innate immunity may delay or impair the clearance of the pathogens, and persistence of the pathogens may trigger the immune system response. Indeed, subjects who are homozygous or compound heterozygous for defective MBL2 alleles or who have low serum MBL suffer from recurrent bacterial and viral infections as children (38) , and a subset of them have enhanced risk for autoimmune disorders (36) .
The autoimmune response can conceptually be considered as unusual exposure to a self-antigen or to an external antigenic epitope that cross-reacts with a self-antigen (molecular mimicry). In the setting of rheumatic disorders, several lines of evidence indicate that rheumatic fever/rheumatic heart disease is a postinfection autoimmune disorder (20) . Indeed, enhanced antistreptococcal antibody response against GAS carbohydrate antigen, in particular, against GlcNAc (17), has been reported to persist in patients with RF with valvular heart disease (8). (39) 16 (22) a P was 0.02 for the presence of the A allele in the class I/II group versus the class III/IV group (OR, 0.45; 95% CI, 0.23 to 0.88). Other differences were not significant. n, number of subjects.
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Autopsy studies have shown deposits of antibodies in valvular tissue of patients with rheumatic fever (23) . Of particular interest is the demonstrated immune relationship between GAS polysaccharide and the structural glycoprotein of heart valve tissue (17) . Further confirmation of such a link is provided by the observation that removal of inflamed valves in patients results in a significant decrease in the levels of anti-group A carbohydrate antibodies in the serum (2). Evidence of molecular mimicry between M5 GAS protein and cardiac proteins of patients with rheumatic heart disease has also been demonstrated (10) . Given these facts, we reasoned that MBL deficiency could impair innate immunity, with a consequent autoimmune response against cardiac proteins due to sustained exposure to GAS antigens in patients with chronic severe AR of rheumatic etiology. Around 49% of our patients with chronic severe AR of rheumatic etiology had at least one defective MBL2 allele compared to only 37% of HC. In addition, we showed that patients homozygous or compound heterozygous for defective MBL2 alleles (genotype O/O) were at higher risk of developing chronic severe AR.
Our data on chronic severe AR of rheumatic etiology are in direct contradiction with an earlier report wherein the MBL2 wild-type allele was associated with mitral valve lesion of rheumatic etiology (26) , but our findings are in line with the results of a recent study where mutant O genotypes were associated with heart valve lesions among patients with systemic lupus erythematosus (12) . The discrepancies between our study and that of Messias Reason et al. lie in the fact that all our patients have aortic valvular lesion while those of Messias Reason et al. (26) had mitral valve lesions; in addition our patients and HC are of mixed Brazilian ethnicity in contrast to those of Messias Reason et al. (26) , who were Brazilian Caucasians. However, several studies have shown that a homozygote or compound heterozygote for the MBL mutant O alleles is associated with recurrent infections and autoimmune diseases (16, 18, 28, 35) . MBL mediates the opsonophagocytosis of microorganisms. The host defense against GAS infection is mediated by phagocytosis and killing by polymorphonuclear cells and complement lysis (4) . Although the association of the MBL2 variants with chronic severe AR of rheumatic etiology is compelling due to its biological function, we cannot exclude the possibility that these variants are in linkage disequilibrium with variants in a nearby causative gene. Also, the association of the homozygote or compound heterozygote for the MBL2 defective alleles in exon 1 of the gene with chronic severe AR of rheumatic etiology is not absolute and, thus, is not sufficient per se to explain the disease, as it occurs in only a subset of patients. It is most probable that the defective MBL2 O allele is one of several other predisposing risk factors. It is likely to act in synergy with other factors, both genetic and environmental, in the development of the disease.
With respect to the polymorphism in the MASP2 gene, there was no association with chronic severe AR of rheumatic etiology. Individuals homozygous for the mutation Asp120Gly are reported to have no MBL pathway activity (33) while there is no impairment of this pathway among heterozygous individuals (37). We did not observe any individuals homozygous for this mutation. This reinforced the association of patients with chronic severe AR of rheumatic etiology with defective MBL2 alleles.
MBL is reported to suppress proinflammatory cytokines IL-1␣ and IL-1␤ and to increase IL-10, IL-1R antagonist, MCP-1, and IL-6 produced by monocytes following lipopolysaccharide stimulation in vitro (13). We did not find any association between defective MBL2 alleles and either disease progression or cytokine profiles in our population. However, it is interesting that no tendency of increased disease severity in the presence of defective alleles was apparent. It is our interpretation that harboring defective MBL2 alleles is a risk factor for the autoimmune response allegedly associated with development of rheumatic heart disease. Insufficiency of MBL in the serum has been reported to hamper the clearance of the immune complex, leading to impairment of the overall immune reaction (29) . Hence, it is tempting to speculate that MBL deficiency leads to delayed clearance of apoptotic cell-derived self-antigen and thus to longer exposure to self-antigen. Molecular mimicry between M5 streptococcal protein and cardiac proteins of patients with rheumatic heart disease has been shown (10) . Once this response has already occurred, the presence of a particular genotype in this locus does not seem to account for an increased risk of ventricular remodeling or of heart failure development.
Altogether, our results show that defective MBL2 alleles contribute to chronic severe AR of rheumatic etiology. Further studies should address whether valvular lesions of rheumatic etiology are associated with MBL2 genetic markers in other populations. 
